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An experimental atudy was made to determine the ettecta ot 
atrain rate, temperature, tJl)9 ot notch, and a1ze of specimen on 
titanium A-110 tested in torsion. Notched cylindrical specimens 
having root diameters or 3/16 inch and 3/8 inch were used. The con"."' 
tour or the notches was circular at the root or the notch and the 
ratio ot the notch radius to the root diameter,;, was 0.160. Three 
rates ot torsional strain were obtained by using angular velocities 
ot 0.5 rpm., 27 rpm., and 1300 rpm. tor the tlywheel which loaded 
the specimen. The tests were conducted at -100 F, room temperature, 
and 700 F. 
The details ot the method or testing and methods or deter-
mining the torsional properties are given in the final report (l)* 
on Contract N60r1-071 {49) submitted 1n April 1955. 
Experimental Results 
The tinal results are plotted in Figs. l to 5. :Each plotted 
point represents in general the average or three tests. Torsional 
properties determined trom each test are given in Table I. 
In Fig. 1 it is seen that the modulus of rupture 1s relatively 
insensitive to rate of strain tor the three temperatures used in the 
tests. The modulus or rupture at 700 F o decreases about 40 per cent 
trom that at room temperature. There is a slight increase in modulus 
of rupture at -100 F. trom that at room temperature. These results 
are about the same as those reported (2) for unnotched specimens or 
titanium RC70 and RC130B. 
In Fig. 2 is shown the total twist tor the two sizes ot 
specimens and tor the rates ot strain and temperatures uaed. There 
is a decrease in strain with increase in strain rate at room tempera-
ture and -100 F. whereas at 700 F. the strain increases with increase 
in strain rate f'rom 0. 5 to 27 rpm. Results or ductility ot unnotched 
specimens ot RC70 and RC130B do not indicate strain rate sensitivity 
* The numbers in parentheses reter to the references listed in the 
Bibliography. 
for the rates of strain used. H ever., t speci.tic strain rate for 
a notched specimen is higher for a given e l ocity ot the loading 
head than for an unnotched specimen.and thi may account tor the de-
creased ductility round for A-110 te ted at 1300 rpm. There is 
little difference in ductility at room temperature and -100 F. The 
ductility increases appreciably at 700 F. In data reported (3) by 
the manufacturer, the ductility or commercially pure titanium and 
some alloys as measured by elongation in static tension tests is not 
greatly attected by temperatures up to around 800 F. although the re-
duction of area has been reported to show marked increase above about 
700 F. 
The influence or strain rate and temperature on total energy 
absorbed as shown in Fig.} rollows about the same pattern aa does 
the total strain. The results ror total energy as well as for total 
strain differ from those previously reported (2) tor RC70 and RC130B 
in that for titanium A-110 there is a greater strain rate sensitivi~y 
and an increase in ductility and energy with increase in temperature 
up to 700 F. 
Typical torque-twist curves for notched specimens of titanium 
are shown 1n Figa 4. The intluence or temperature and rate of strain 
on the shape or these curves is about the same as that for s. T. s. 
given in the April 1955 report (l)o The major difference lies in the 
fact that at room temperature and low temperature, fracture instability 
occurs at a relatively higher torque tor the titanium than tor the 
S. T. Sa previously reported. It may be observed from Fig. 4 that at 
these two temperatUl1 ea the torque drops rather sharply from ultimate 
torque to zero torque . At 700 R • however, there is a more gradual 
drop-off in torque as waa also the case for the S. T. S. 
In Fig. 5 is shown the influence of speed on size effect as 
determinad from post-crack energy and trom total energy. The defini-
tion of size effect as used here 1a the same as that in the April 1955 
report and is obtained from the equation: 
log W2/W1 
SIZE EFFECT =- m = 3- ----=-· · • 
log D2 / D1 
rhe curves show that, in general, size etfect decreases with an in-
crease in speed. The size effect as measured by post-crack energy is 
-3-
quite large at the low speed and at room temperature and low tempera-
ture. The size effect previously reported tor the s. T. s. increased 
with increase 1n speed. 
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